The electron microscope technique of negative staining was first used to obtain fundamental information about virus morphology, but in recent years it has developed into a practical method for virus diagnosis. The methods employed are both simple and rapid. The following review discusses in detail the steps that must be taken to obtain good electron microscope preparations and illustrates some of the results that can be obtained.
The last decade has witnessed profound changes in a field that might be described as practical virology. In this context the word "practical" has two connotations: first, it refers to the techniques that are being employed for virus diagnosis, and second, it refers to the greater degree of action that can be applied in controlling individual episodes of viral infection and threatened dissemination. As an example, the newer techniques for detecting the presence of hepatitis B surface antigen (HBsAg) , such as radioimmunoassay and passive haemagglutination, are technically simple and straightforward but offer a degree of sensitivity far in excess of such older techniques as immunodiffusion and complement fixation. The same example also illustrates the other aspect of the term "practical," for the recognition of a hepatitis B surface antigen carrier triggers one or more precise actions: the individual is banned as a blood donor, and, if hospitalised, he will be handled in such a way as to minimise contact with his blood. Yet more "practicality" will follow from the further development of viral chemotherapy [1] .
During the last decade, as virology has moved from theoretical interest toward clinical application, the electron microscope (EM) has been an important tool for the basic understanding of viruses and, perhaps more important, for the rapid and unequivocal recognition of their presence. The achievements of the electron microscope in this era have been many and varied, and range from describing a new virus for the first time [2] to recognising the presence of smallpox virus in unexpected circumstances [3] . Unfortunately, however, an impression has developed that diagnostic electron microscopy is a capricious technique that works well only in the hands of experts. While this is not true, there are a few essential points of technique that do not seem to be widely appreciated; hence, the large numbers of technically poor micrographs that appear in the literature. This contribution will be concerned with a discussion of the practical steps that must be taken in order to produce a specimen that will yield good results in the electron microscope and a consideration of the means by which these results may be interpreted.
Only one method of preparing specimens for electron microscopy is suitable for rapid diagnosis and that is the technique of negative staining. Theoretically, this method is simplicity itself. The virus particle is surrounded by heavy metal atoms which act as an electron stain, the electron beam can pass through the low electron density of the virus but not through the metallic background, hence "negative stain," a light virus against a dark background. Practically, the method is equally simple. A suspension of virus is mixed with a solution of the right kind of heavy metal ions, frequently those of phosphotungstic acid, and allowed to dry down onto a grid. As might be expected, a number of variations on this basic method have arisen and these will be described for the specific specimens to which they apply.
BASIC REQUIREMENTS FOR NEGATIVE STAINING Negative Stains
There is a small number of negative stains, all based either on tungsten or uranium [4] . Probably the nearest to a universal stain is still phosphotungstic acid (PTA) which was the first negative stain to be described [5] 
Grids
Since negatively stained specimens are, by their nature, irregular in density, smaller size grid squares give greater stability. It is therefore recommended that 400 mesh copper grids be used. Again, because of the irregular nature of the specimens, the grid coating should be as tough and flexible as possible. Formvar-carbon has probably the best characteristics of available grid coating materials.
Disinfectants
Although not directly related to the method of negative staining, it is important to remember that negatively stained preparations retain biological activity. For example, when fluid is removed from the grid with a piece of filter paper, the paper is then contaminated and must be disposed of in a suitable manner. A container of hypochlorite solution, preferably with an anionic detergent, should always be present on the bench where negative staining is carried out.
Additional Items
Fine forceps, microscope slides, pasteur pipettes, and filter paper complete the equipment that is needed to carry out negative staining (Plate 1).
Types of Specimens A distinction should first be made between specimens that can be handled and those that should be handled. Since the time investment for a single specimen is small, any unique or unusual specimen should be examined by negative staining.
Since the amount of material required for the technique is also small, it is rarely, if ever, necessary to use all of a specimen for microscopy. On the other hand, large numbers of specimens of a routine or semi-routine nature can be examined but are time-consuming and frequently unnecessary. In the past only EM 
SPECIMEN PREPARATION General Considerations
The final step in preparing a negatively stained grid is to allow specimen and stain, either together or consecutively, to dry down onto the grid. However thin, the layer has a third dimension and concentration of material occurs in the drying down phase. It is therefore of the greatest importance to minimise or eliminate any low molecular weight proteins and organic salts present. Organic salts appear as crystalline structures which ruin a specimen but are easily recognised; low molecular weight material dries down to an amorphous layer that can obscure a positive sample without the recognition that this has happened. Because of these considerations there are three basic rules that apply to the preparation of all specimens for negative staining.
1. The diluent employed is always distilled water. This has the advantage of lysing cellular structures but leaves viruses unharmed. It appears that virus particles are not sensitive to osmotic pressure.
2. Concentration by centrifugation should always be at the lowest possible speed. Virus is often entangled with fragments of cell debris and will be deposited at surprisingly low speeds. The large pieces of cellular material offer no problem in the EM and low molecular weight material will not be deposited. The duration and speed of centrifugation will vary somewhat with different types of specimen but many can be handled by centrifuging for one hour at 15,000 g. This speed might seem low, but the loss in virus recovery is more than offset by the improved quality of the final grid.
3. When the final pellet has been obtained, it is of the utmost importance that the last drops of fluid in the tube be removed. If fluid is present when the pellet is resuspended, low molecular weight material contaminates the specimen. The following procedure ensures that the tube is well drained. Decant the supernatant and maintain the tube in an inverted position; still keeping it inverted, place it in a beaker containing an absorbent tissue. Several tubes may be placed in the same beaker and, if there is to be some delay before microscopy can be carried out, the beaker can be sealed with either foil or parafilm and placed at 40 C. From a safety point of view it must be remembered that the tissue and beaker will become contaminated, and for this reason a small amount of hypochlorite should be used to moisten the tissue. When the tubes are removed from the beaker, still in an inverted position, the rim should be examined for drops of fluid which can be removed with a strip of filter paper. Only after this should the tube be turned the right way up and the pellet resuspended (Plate 1).
Methods of Negative Staining
1. Standard Method. The advantage of negative staining over thin sectioning is that the final specimen can be derived from an initially large sample, thus minimising sampling effects. Obviously, however, this large sample must be concentrated and, while several techniques are currently available, centrifugation remains one of the most efficient. The final pellet is resuspended in a small amount of distilled water, the exact amount of which is governed by the size of the pellet, which can vary from complete invisibility to several centimetres in diameter. If cloudy or contaminated, urine can be clarified by centrifuging for 15 minutes, at 3000 g in a bench centrifuge and then centrifuging the supernatant for one hour at 15,000 g. The pellet should be handled as described and stained by the standard method. Since urine is readily available and virus is much diluted, centrifuge as large a volume as possible.
Faeces. Make up a 10 percent suspension of stool in distilled water and clarify in a bench centrifuge. Process the supernatant directly by the rapid method of negative staining or centrifuge approx 2 ml for one hour at 15,000 g and stain the pellet by the standard method. Faecal specimens can be examined successfully by the rapid technique, and it appears that only a slight decrease in sensitivity occurs when comparing this rapid technique to the standard method (Plate 3).
Serum. Since serum is very rich in low molecular weight proteins it is necessary to carry out a washing step. Dilute serum with an equal volume of distilled water. The absolute volume employed will depend on the availability of the specimen but 0.2-1.0 ml of serum is a suitable volume. Centrifuge for one hour at 15,000 g, discard supernatant, and resuspend pellet, which will not always be visible, to its original volume in distilled water. Recentrifuge as before and, after decanting, process the pellet by the standard method of staining (Plate 4).
Vesicle Fluid. For the best specimen, vesicle fluid should be taken from unbroken lesions. The vesicle is best ruptured with a sterile Pasteur pipette which contains a small amount of distilled water. This water can then be used to irrigate the lesion and give a larger volume of fluid than the vesicle itself could yield. Once transported to the laboratory, the mixture of vesicle fluid and water is applied directly to the microscope grid and staining is carried out by the rapid method. (Note: since the viruses in vesicle fluid can be dangerous pathogens, it is important to have a suitable small, well-sealing container for transport) (Plate 5).
Cell Culture. Although a cell culture is not truly a clinical specimen, it frequently happens that the identification of a virus after one pass in tissue culture greatly aids diagnosis. The steps necessary to handle such specimens are as follows. Harvest cells and supernatant together and disrupt the cells, either by several cycles of freezing and thawing or by sonication. Without any clarifying step, centrifuge for one hour at 15,000 g and stain by the standard method. The larger pieces of cell debris present do not interfere with the microscopy and frequently are found to contain coflections of virus particles at various stages of synthesis (Plate 6).
Allantoic fluid. As a specimen, this is similar to tissue culture inasmuch as it is not a direct clinical specimen but represents one growth cycle in the laboratory. PLATE 8. Smallpox virus is visible among the debris of a scab that has been homogenised. Because of delay in transit there was no viable virus left in this specimen but morphological identification was simple. x I 10,000. PLATE 9. The human common wart virus is present in lesions to such high titre that a simple extraction procedure with little concentration will yield specimens like the one shown here. The virus is present in pseudocrystalline arrays. x 228,000. PLATE 10. Viruses having no distinctive morphology are more readily recognised when they are present in the form of immune complexes. This micrograph shows a complex of rubella virus which appears as a poorly defined lipoprotein sac with very fine, inconspicuous surface projections. When viewed only as individual particles it is hard to distinguish this virus from cellular background. x 220,000. PLATE 13. Immune electron microscopy can reveal unsuspected structures, as shown here. This aggregate contains both complete and fragmented rotavirus capsids set in a background of amorphous material. This amorphous material represents a low molecular weight subunit that is antigenically related to the virus. If IEM had not been used there would be no indication of its presence. x 228,000. PLATE 11. Addition of antibody makes a small cubic virus more readily recognisable and, in addition, proves its identity through the presence of specific antibody haloes around the particles. The micrograph shows a complex of polio virus and specific antibody. As long as specific reagents are used it is possible to distinguish the three serotypes of polio virus by IEM. x 220,000. ISA .
